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AB This invention relates to S-hydrox\ nitrile h ase having excellent 
tolerance to heal, organic sohents. and the like, which is obtained b\ 



modifying at least one amino acid in the helix D3 1 . helix A. and 
.beta.-sheet 2 domain -, in the amino acid sequence of wild-type 
S-hydroxynitrile lyase. 
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L7 ANSWER 2 OF 13 Elsevier BIOBASE COPYRIGHT 2008 Elsevier Science B.V. on 

STN DUPLICATE 
ACCESSION NUMBER: 2008085250 ESBIOBASE «LOGINID::20081117» 
TITLE: Hydroxynitrile lyase catalyzed cyanohydrin synthesis 

at high pH-values 

AUTHOR: Von Langermann J.; Guterl J.-K.; Pohl M.; Wajant H; 

KraglU. 

CORPORATE SOURCE: U. Kragl, Institut fur Chemie, Universitat Rostock, 

Albert-Einstein-Str. 3a, 18059 Rostock, Germany. 

E-mail: udo.kragl@uni-rostock.de 
SOURCE: Bioprocess and Biosystems Engineering, (2008), 31/3 

(155-161), 28 reference(s) 

CODEN: BBEIBV ISSN: 1615-7591 
DOCUMENT TYPE: Journal; Article 
COUNTRY: Germany, Federal Republic of 

LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB The application ol unusual high pH- values within enzymatic 

' c\anoh_\ drill %\ nlhcsis has been in\ cstigalcd. I sualh en/> malic 
***cyanohydrin*** synthesis in two-phase s_\ stems requires low pll-values 
within (he aqueous phase to suppress the non-en/ymatic side reaction. In 
contrast, we investigated the usage of pH- values above pH 6 by using the 
highly enantioselective (S)-selective ***hydroxynitrile*** 

***lyase*** from ***Manihot esculenta. With these unusual 
reaction conditions also the unfavorable substrate 3-phenoxy-benzaldehyde 
can be converted by the wild t\ pe en/\ me with excellent conversion and 
enantiomeric excess \ielding pure (S)-.Vphenoxy-benzaldehyde 
***cyanohydrin s : with an enantiomeric excess of 97' < . Although the 
***variant*** MeHNL-W128A shows a higher activity with respect to this 
reaction, the enantioselectivity was reduced (85% e.e.(S)). Additionally, 
a new continuous spectroscopic ***cyanohydrin*** assay monitoring the 
formation of 3-phcnoxy-bcn/aldchydc ""'cyanohydrin*** was developed. 
.COPYRGT. 2008 Springer- Verlag. 
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AB WO 2007037354 A 1 UPAB: 20070529 

NOVELTY - A modified S-hydroxynitrile lyase (SHNL) obtained by 

substituting at least one amino acid chosen from amino acid at position 

36, 140 and 209 in amino acid sequence (SEQ ID No. 2) of wild-type SHNL 

derhedlrom ***cassava*** ( "^Vlanihoi esculenta). or 

substituting at least one amino acid chosen from amino acid at position 

36, 139 and 208 in amino acid sequence (SEQ ID No. 3) of wild-type SHNL 

derived from para rubber tree (1 le\ ea brasiliensis ). is new. 

DETAILED DESCRIPTION - A modified S-hydroxynitrile lyase (SHNL) 
obtained by substituting at least one amino acid chosen from amino acid at 
position 36, 140 and 209 in amino acid sequence (SEQ ID No. 2) of 
wild-type SHNL derived from ***cassava*** ( ***Manihot— !S 
esculenta). where leucine at position 36 is substituted to methionine, 
threonine al position 140 to isoleucine. and lysine at position 209 to 
asparagine; or substituting al leasi one amino acid chosen from amino acid 
at position 36, 139 and 208 in amino acid sequence (SEQ ID No. 3) of 
wild-type SHNL derived from para rubber tree (Hevea brasiliensis i. 
INDEPENDENT CLAIMS are included for the following: 

(1) DNA encoding the modified SHNL; and 

(2) method for producing the modified SHNL. 

USE - For producing optical!} active cyanohydrin, which involves 
contacting the modified SUM. with carbony] compound and cyanide compound 
(claimed). 

ADVANTAGE - The modified SHNL has improved acid resistance compared 
to wild-type SHNL, and enables efficient production of optically active 
cyanoh) drin b> suppressing racemi/alion reaction in acidic conditions. 
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NOVELTY - A mutanl hy Ur<>\\ nilrile |\ a\e 1 1 1 comprising al least one amino 
acid substitution, is new. The amino acid subslilulion is preferably 
replacemenl of hislidine 103 of the wild-type sequence by another amino 
acid and/or replacemenl ol al leasl one lysine of Ihe wild-ty pe sequence 
by another amino acid. 

DETAILED DESCRIPTION - An improved hydroxynitrile lyase (I) chosen 
from (a) improved hydroxynitrile lyase obtained by substituting amino acid 
residue at second posilion in the wild-type hydroxynitrile lyase with 
another amino acid, (bl impro\ ed hydroxy nitrile ly ase obtained by 
substituting amino acid residue al position 103 or hislidine al position 
near 103 in the wild-type hy droxy nilrile ly ase with another amino acid 
(c) impro\ed hy droxy nil rile lyase obtained in substituting at least one 
lysine residue in the wild-type hydroxy nitrile base with another amino 
acid, (d) impro\ed hydroxy niu ile lyase obtained by substituting amino 
acid residue at second posilion and amino acid residue al position 103 or 
hislidine al position near 103 in the wild-type hydroxynitrile lyase with 
another amino acid, (e I imprcn ed hydroxy nitrile l\ ase obtained by 
subsliluling amino acid residue al second posilion and al least one lysine 
residue in the wild-ty pe hy droxy nitrile ly ase with another amino acid, (f) 
improved hydroxy nilrile lyase obiained by subsiiiuiing al least one lysine 
residue and amino acid residue al posilion I 03 or hislidine at position 
near I 03 in ihe wild ly pe hydroxy nil rile ly ase with anoiher amino acid, 
and (g i impro\ed hy droxy nilrile lyase obtained by substituting at least 
one lysine residue, amino acid residue at second position, and amino acid 
residue at position 103 or histidine at position near 103 in the wild-type 
hydroxynitrile lyase with another amino acid. 

INDEPENDENT CLAIMS are also included for the following: 
( I i impro\ ed ly pe hy droxy nilrile ly ase gene I II I encoding 1 1 1: 

(2) recombinant \ eclor I III I containing (II): 

(3) Iransl'ormanl (IV) obiained by introducing (III) into a host; 

(4) culture (V) obtained by cultivating (IV); 

(?) producing (Ml > cyanohydrin. invohes processing ketone or 
aldehyde compound and a cy anide compound with (I), and extracting 
cyanohydrin from the processed substance: and 

(6) producing hy droxy carboxy lie acid. imolves hydroly/ing 
cyanohydrin obtained by (Ml). 

USE - (I) or (Ml) is useful for producing cyanohydrin (claimed I. 
which is useful for synthesizing various optically active intermediates 
used for Ihe synthesis of alpha hydroxy acid, alpha hydroxy ketone, and 
beta amino alcohol, and useful in pharmaceuticals. (Il is useful for 
producing hydroxy carboxylic acid. 

ADVANTAGE - (I) has improved hydroxynitrile lyase activity, can be 
efficiently produced in large quantities, and enables effective production 
of cyanohydrin. 
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DOCUMENT TYPE: Utility 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

A]} The present imcnlion relates lo an en/y me reaction method which 

comprises performing an enzyme reaction, using an immobilized enzyme 

having a water content of 10% by weight or more as an enzyme and using 

an organic solvent substantial!} immiscible with water as a reaction 

solvent, under such conditions that a liquid phase forms a homogeneous 

system without phase separation although it is saturated with water or 

an aqueous buffer: a method for performing an en/} me reaction using an 

aldehyde compound as a substrate, which comprises remo\ ing a carboxy lie 

acid compound contained in an aldehyde compound by subjecting the 

aldehyde compound lo an alkaline treatment before starting the en/} me 

reaction; a method for performing an en/} me reaction using an aldehyde 

compound as a substrate, w hich comprises reducing a carboxylic acid 

compound content in the aldehyde compound to 0.1 wt % or less by 

subjecting the aldehyde compound lo an alkaline Irealmenl before 

starling the en/} me reaction: a method for en/} malically producing an 

optically active cyanohydrin from a carbon} I compound and prussic acid 

containing an acidic substance as a stabilizer, which comprises 

subjecting the prussic acid lo a Irealmenl for reducing inhibitory 

effect of the stabilizer on an enzyme, and performing an enzyme reaction 

to ••> nlhesi/e the optical 1} active cyanohj drin using the treated prussic 

acid; a method for enzymatically producing an optically active 

cyanohydrin, which comprises dissolving prussic acid in an organic 

solvent substantially immiscible with water to give an organic solution 

of prussic acid, adding a buffer lo this solution in a saturation amount 

or more, mixing, collecting ihe organic phase, and performing an enzyme 

reaction to synihcsi/c the optically active cyanohydrin using the 

organic phase as prussic acid; as well as a method for enzymatically 

producing an optically active cyanohydrin. which comprises performing 

distillation of a reaction solution after completion of an enzyme 

reaction to separate and colled unreacled prussic acid and organic 

solvent therefrom, and repeated!} using ihe collet led prussic acid and 

organic solvent at least once. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB WO 2005095602 A 1 UPAB: 20060125 

NOVELTY - Modified S-hydroxynilrile lyase (SUM.) (I) obtained b> 
modifying one or more amino aeid in die helix I )3'. helix A. and beta-sheet 
2 domains in die amino aeid sequence of wild-ly pc SI INI ,. and having any one 
of 13 fully defined 258 amino acid (SEQ ID No. 2, 6, 8, 16, 20, 22, 26, 
28. 32. 36. 40, 42 or 44) sequences given in the specification, is new. 

DETAILED DESCRIPTION - Modified S-hydroxynitrile lyase (SHNL) (I) 
that is obtained by modifying one or more amino acid in the helix D3', 
helix A, and beta-sheet 2 domains in the amino acid sequence of wild-type 
SI INI., comprises: 

(a) one or more amino acid substitution in the amino acid sequence 
having a fully defined 258 amino acid (SEQ ID No. 2) sequence given in the 
specification, where the substitution is chosen from substitution from 
lysine to aspaitic aeid. glutamic acid or asparagine at position 21, 
substitution from gly c ine l< > aspaitic at id or glutamic acid al posit i. >n 

165. substitution from valine to leucine al position 173. substitution 
from methionine to leucine at position 1 74. and substitution from 
threonine to aspaitic acid, glutamic acid or serine at position 163, and 

(b) has any one of 12 fully defined 258 amino acid (SEQ ID No. 6, 
8, 16, 20, 22, 26, 28, 32, 36, 40, 42 or 44) sequences given in the 
specification. 

INDEPENDENT CLAIMS are also included for: 

(1 ) DNA (II) encoding the amino acid sequence of (I) or encoding 
SEQ ID No. 6, 8. 16. 20. 22. 26. 28. 32, 36, 40, 42 or 44; 

(2) preparation of (I): and 

(3) improving stability of ( 1 1. by modify ing one or more amino acid 
in the helix D.V. helix A. and beta-sheet 2 domains in the amino acid 
sequence of wild-type SHNL. 

USE - (I) is useful for producing optically active cyanohydrin. 
which involves allowing (I ) to react with a carbon \ I compound and cy anide 
(claimed). (I) is useful for industrial production of optically active 
cy anoh\ drin. ( I ) is useful as an en/> me immobilized on an adequate 
inorganic carrier, and for synthesizing cyanohydrin. 

ADVANTAGE - (I) has improx ed and excellent heat tolerance, 
stability and organic solvent tolerance. ( I ) can be purified easily and 
cost-effectively. 
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SUMMARY LANGUAGE: English 

AB The influence of Trpl28- '"""substituted*** mutants of the 

***h\dn»\jutuk hast from ***Manihot*** esculenta 

(MeHNL) on the stereoselectivity of MeHNL-catalyzed HCN additions to 
aldehydes with stereogenic centers, which yield the corresponding 
cyanohydrins, is described. In rac-2-phem Ipropionaldchyde (rac-1) 
reactions, wild-type (wtMeHNL) and all MeHNL Trpl28 mutants are highly 
(S)-selecli\e toward the (K ) enanliomer of rac- 1 : thrs results 
exclusively in (2S,3R)- ***cyanohydrin*** ((2S,3R)-2) with >=96% de. 
The (S (enanliomer of rac-1. however, only reacts (S)-selectively with 
wtMeHNL to give (2S,3S)-2 with 80% de, whereas with Trpl28 mutants, (R) 

The MeHNL W128A ***mufanf*** is exclusively (R)-selective .resulting 
in (2R,3S)-2 with 86% de. The reaction behavior of 
rac-phcnyibulyraldchyde (rac-5 > is comparable with rac- 1 . w hich also 
inverts the stereoselectivity from (S) to (R) when the enzyme is 
exchanged from wtMeHNL to the W128A ***mutant*** . Stereogenic centers 
not adjacent to the aldehyde group, as in 7 and 9, do not influence the 
slcreoseleclh il> of Mel INI . calah sis. and (S ) sclcclh ily is obsen ed in 
all cases. Stereoselectivity and inversion of slcreoseleclh ity of MeHNL 
Trpl28 muiani -calah /.ed cy anohy drin formation can be 
explained and rationalized with cry slal-siriiclure-based molecular 
modeling. .COPYRGT. 2005 Wiley- VCH Verlag GmbH & Co. KGaA. 

L7 ANSWER 8 OF 13 Elsevier BIOBASE COPYRIGHT 2008 Elsevier Science B.V. on 

STN DUPLICATE 
ACCESSION NUMBER: 2003077165 ESBIOBASE «LOGINID::20081117» 
TITLE: Substrate specificity of mutants of the hydroxynitrile 

lyase from Vanili.u esculenta 
AUTHOR: Buhler H; Effenberger F.; Forster S.; Roos J.; Wajant 

H. 

CORPORATE SOURCE: Dr. F. Effenberger, Institut fur Organische Chemie, 
1'niversilal Slullgarl. Pfaffcmvaldring 55. 70569 
Slullgarl, Germany. 

E-mail: fran/.effenberger(" po.uni-stuttgart.de 
SOURCE: ChemBioChem, (03 MAR 2003), 4/2-3 (21 1-216), 30 

reference(s) 

CODEN: CBCHFX ISSN: 1439-4227 
DOCUMENT TYPE: Journal; Article 
COUNTRY: Germany, Federal Republic of 

LANGUAGE: English 
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AB Several tryptophan 128- • "substituted"' mutants of the 

***hydroxynitrile*** '* lyase from *** Manihot*" esculenta 
(MeHNL) are consirucled and applied in ihe Mel INI ,-calaly/ed addition of 
IK'N lo various aromatic and aliphatic aldehydes as well as to methyl and 
ethyl ketones to yield the corresponding cyanohydrins. The mutants 
(especially MeHNL-W128A) are in most cases superior to the wild-type (wt) 
cn/ymc when diisopropy I elher is used as ihe solvent. 

'""Substitution"* of tryptophan 128 by an alanine residue enlarges the 
entrance channel to the active she of Mel INI . and thus facilitates access 
of slerically demanding substrates to the active site, as clearly 
demonstrated for aromalic aklchy des. especially 3-phenoxybenzaldehyde. 
These experimental results are in accordance with the X-ray crystal 
structure of MeHNL- WI28A. Aliphatic aldehydes, surprisingly, do not 
demonstrate this reactivity; dependence of mutants on substrate bulkiness. 
Comparative reactions of 3-phenoxyben /aldehyde w iih wi Mel INI. and 
MeHNL- WI28A in both aqueous citrate buffer and a two-phase system of 
water/methyl lerl-buly I elher again reveal the superiority of the 

■"mutant*** enzyme: 3-phenoxybenzaldehyde was converted quantitatively 
into a ***cyanohydrin*** nearly independcnily of the amount of enzyme 
present, with a space-time yield of 57 g L.sup.-.sup.l h.sup.-.sup.l. 
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AB The present invention relates to an enzyme reaction method which 
comprises performing an enzyme reaction, using an immobilized enzyme 
having a water content of 10% by weight or more as an enzyme and using 
an organic sohcnl %ul> lanlialh immiscible with water as a reaction 
solvent, under such conditions that a liquid phase forms a homogeneous 
s\ stem w it lion I phase separation although it is saturated with water or 
an aqueous buffer; a method for performing an enzyme reaction using an 
aldehyde compound as a substrate, which comprises removing a carboxylic 
acid compound contained in an aldehyde compound by subjecting the 
alcleh) cle compound to an alkaline treatment tie fore starling the enz\ me 
reaction; a method for performing an en/\ me reaction using an aldehyde 
compound as a substrate, which comprises reducing a carboxylic acid 
compound content in the aldclw cle compound to 0.1 wt % or less by 
subjecting the aldehyde compound to an alkaline treatment before 
starling the en/,) me reaction; a method for en/\ matically producing an 
optically active cyanohydrin from a carbonyl compound and prussic acid 
containing an acidic substance as a stabilizer, w hich comprises 
subjecting the prussic acid to a treatment for reducing inhibitor) 
effect of the stabilizer on an enz\ me. and performing an enz\ me reaction 
to synthesize the optically active cyanohydrin using the treated prussic 
acid; a method for enzymatically producing an optically active 
cyanohydrin. w hich comprises dissolving prussic acid in an organic 
solvent substantial];., immi .eible with water to gi\ e an organic solution 
of prussic acid, adding a buffer to this solution in a saturation amount 
or more, mixing, collecting the organic phase, and performing an enzyme 
reaction to synthesize the opticalh active cyanohydrin using the 
organic phase as prussic ac id; as well as a method for enz\ maticall) 
producing an opticalh active cyanohydrin. w hich comprises performing 
distillation of a reaction solution alter completion of an enz\ me 
reaction to separate and collect unreacted prussic acid and organic- 
solvent therefrom, and repeated!) using the collected prussic acid and 
organic solvent at least once. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB Tryptophan 128 of ***hydroxynitrile*** ***lyase* 1 1 of 
***Manihot*** esculenta (Mel INI.) covers a significant part of a 
hydrophobic channel that gi\es access lo [he aclhe she of the enzyme. 
This residue was therefore ' ' ' substituted*** in the ***mutant*** 
MeHNL-W128A by alanine to study its importance for the substrate 
specific ity of the enz.y me. Wild-type MeHNL and MeHNL- W 1 28 A showed 
comparable activity on the natural substrate acetone ***cyanohydrin*** 
(53 and 40 U/mg. respeclh ely I. I low c\ cr. the specific activities of 
MeHNL-W128A for the unnatural substrates mandelonitrile and 
4-hydro.xy mandelonitrile are increased 9-fold and .apprx.450-fold. 
respectively, compared with the wild-type MeHNL. The crystal structure of 
the MclINl'.-W I28A substrate-free format 2.1 .ANG. resolution indicates 
that the W128A ***substitution*** has significantly enlarged the 
active-site channel entrance, and thereby explains the observed changes 
in substrate specificity for bulky substrates. Surprisingly, the 
MeHNL-W128A-4-hydroxybenzaldehyde complex structure at 2.1 .ANG. 
resolution shows (he presence of two hydroxy ben/aldehy de molecules in a 
sandwich type arrangement in the aclhe site with an additional hydrogen 
bridge to the reacting center. 
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AB The slruclure and function of hydroxy nidile ly ase from ***Manihot*** 
esculenla (Mel INI . ) were analy zed by x-ray cry staling, and site-directed 
mutagenesis. The cry stal slruclure of the MeHNL-S80A mutant was refined 
to an R-faclor of I 8.0% against diffraction data to 2. 1 -.ANG. resoln. The 
3-dimcnsional slruclure of the Mel INE-S80,\-acelone cyanohydrin complex was 
detd. at 2.2- ANG. resoln. and refined to an R-factor of 18.7%. To 
elucidate the role of Thr- 1 I and (\ s-8l in (he catalytic mechanism, 
mutants Tl 1A and C81A were constructed and kinetic values were detd. The 
Km for mutant C81A was indistinguishable from that of the wild-type 
enzyme, whereas that for mutant Tl 1 A could not be detd. because of its 
poorcn/ymic activity, from these results, the roles of Cys-81 and Thr-1 I 
in the enzyme were discussed. Combined with structural data, the results 
supported a mechanism for cyanogenesis in which His-236 as a general base 
abstrs. a proton from Ser-80. (hereby allow ing proton transfer from the OH 
group of acetone cy anohy drin to Ser-80. The His-236 imidazolium cation 
then facilitates the leaving ol the nilrile group by proton donation. 

REFERENCE COUNT: 23 THERE ARE 23 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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AB Planl (S i-h\ drow niirilc l> axes that bind substrates more efficiently have 

modifications in the hydrophobic channel leading to the substrate binding 

site. I'he channel is modified b\ replacing some ol the bulkier 

hydrophobic amino acid- that partial!) block the channel with less bulky 

ones. Specifically, a tryptophan in the channel (position 128 in the 

I le\ ea brasiliensis and ***Manihot*** esculenta enzyme) may be 

substituted h\ alanine, glycine, valine, or even phenylalanine. The 

substituted M esculenta converted 3-phcnoxybcn/.aldehyde to 

(S )-3-phcnoxybcnzaldchyde cyanohydrin with an e.e. of 97% compared to 

97.03% for the wild type enzyme. Yield of the product was 88.5% after 2h 

using the wild-type enzyme and 97% after 1.5 h using the substituted 

enzyme. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
AB The ***hydroxynitrile*** ***ly ase *** from ***cassava*** ( 
' ' 'Manihot esculenta Crantz) (EC 4.1.2.37) catalyzes the 
decomposition of the achiral alpha-hydroxynitrile acetone 
***cyanohydrin*** into IK'N and acetone during cyanogencsis of damaged 



plants, This enzyme can also be used for stereoselecih e synthesis of a 
wide ami} of (S l-c\anoh\ drins b\ addition ol IK N lo aldch}dcs or ketones. 
Optical!} aclhc c\anoh\drins are interesting intermediates lor die 
synthesis of alpha-h} drox} acid 1 ,. alpha-lndrox} ketones, or 
hela-elhanolamines. all of which are important building blocks in organic 
synthesis, Inhibition of ***hydroxynitrile*** ***lyase*** fromM. 
esculenta (MellM lb; serine- and histidine- ***modifying*** reagents 
suggests involvement of active site seryl and histidyl residues. 
Furthermore, serine 80 of MeHNL is par t of the active site motif 
Gly-X-Ser-X-Gly/Ala, often considered as the hallmark of catalytic triads 
having independently evolved in four groups of enzymes: the alpha/beta 
hydrolase fold enzymes, subtilisins, the cysteine proteases, and the 
eukaiyolic serine proteases. Ii\ site-directed mutagenesis, three residues 
critical for enzyme activity have been identified: serine 80, aspartic 
acid 208, and histidine 236. These residues may be directly involved in 
MeHNL-catalyzed decomposition of cyanohydrins, providing evidence for a 
catalytical triad in HNLs, too. The order of the catalytic triad residues 
in the primary sequence of MeHNL is nuclcophile-hisiidine-acid. suggesting 
that Mel INI. belongs lo die alpha/bela hydrolase fold group of en/} mes. In 
contrast to all other enzymes ha\ing a calal} lical triad. IIM.s catah/e no 
net hydroK tic reactions. 
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